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ABSTRACT

This study was conducted to determine the prevalence and antimicrobial resistance of Salmonella isolates recovered from
processed poultry. Four hundred eighty pre- and postchill whole broiler chicken carcasses were collected from a poultry
processing plant between July 2004 and June 2005. Water samples also were collected at the entrance and exit of the chiller.
After preenrichment, carcass and water samples were analyzed for the presence of Salmonella using the automated BAX
system followed by traditional culture methods. The proportions of pre- and postchill carcasses that were positive for Sal-
monella were 88.4 and 84.1%, respectively. Ninety-two percent of water samples collected at the entrance of the chiller were
positive for Salmonella, but all exit samples were negative. There was no significant difference in the prevalence of Salmonella
between pre- and postchill carcasses (P � 0.05). Salmonella isolates recovered were serotyped and tested for susceptibility to
antimicrobials. Thirteen serotypes were identified; the most common were Salmonella Kentucky (59.5%) and Salmonella
Typhimurium (17.8%). Three hundred thirty-nine (79.8%) of the isolates were resistant to at least one antimicrobial, and 53.4%
were resistant to three or more antimicrobials. Resistance was most often observed to tetracycline (73.4% of isolates), ampicillin
(52.9%), amoxicillin–clavulanic acid (52%), ceftiofur (51.7%), streptomycin (35.2%), and sulfisoxazole (21.8%). These results
indicate the high prevalence of Salmonella contamination in whole broiler carcasses, and a large number of these Salmonella
isolates were resistant to commonly used antimicrobials.

Salmonella is recognized as one of the major food-
borne pathogens in the United States, causing an estimated
1.4 million cases of illness, approximately 20,000 hospital-
izations, and more than 500 deaths annually (25). Although
a growing number of human salmonellosis cases are asso-
ciated with contaminated fruits and vegetables, traditionally
illness has been linked with consumption of contaminated
food of animal origin, especially poultry and poultry prod-
ucts (4, 38, 45). More problematic is the fact that antimi-
crobial resistance, in particular multidrug resistance
(MDR), is being increasingly identified among numerous
Salmonella serotypes recovered from animals and humans
worldwide (43, 47). The levels and degree of resistance
vary globally and are influenced by antimicrobial use prac-
tices in humans and animals and geographical variations in
the epidemiology of Salmonella infections (47).

Salmonella isolates displaying resistance to clinically
important antibiotics have been reported since the early
1960s, when most of the reported resistance was limited to
a single antibiotic (5, 9, 41). However, since the mid-1970s,
there has been an increasing trend of Salmonella isolates
exhibiting MDR phenotypes worldwide. The recovery of
antimicrobial-resistant Salmonella in foods of animal origin
has raised concerns that the treatment of human salmonel-
losis may be compromised because antimicrobial-resistant
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strains appear to be more often associated with severe dis-
ease than are susceptible isolates (16, 42). Of significant
concern is the isolation of Salmonella exhibiting decreased
susceptibility to fluoroquinolones (e.g., ciprofloxacin) and
extended-spectrum cephalosporins (e.g., ceftiofur and cef-
triaxone), because these two antimicrobial classes are im-
portant in treating Salmonella infections in adults and chil-
dren, respectively (13, 26, 47).

The majority of these antimicrobial-resistant pheno-
types in Salmonella and other pathogens are gained from
extrachromosomal genes that may impart resistance to an
entire antimicrobial class. In recent years, a number of these
resistance genes have been associated with large transfer-
able plasmids on which may be other DNA mobile ele-
ments, such as transposons and integrons. Recent data in-
dicate that different resistance determinants can amass in
linked clusters, such that antimicrobials of a different class
or substances such as disinfectants or heavy metals may
select for MDR in bacteria (14, 15). Although resistance,
in particular MDR, appears to be most serious in certain
serotypes, this situation may be shifting. Thus, there is a
continuing need for increased surveillance of antimicrobial-
resistant phenotypes in Salmonella isolates of animal and
human origin on a global basis.

The role of meat and poultry products in the dissemi-
nation of antimicrobial-resistant zoonotic bacterial patho-
gens also is well documented (23, 43, 44, 47). Although
the hygienic standards for meat production are quite high
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in most developed countries, fecal contamination of meat
products cannot be completely prevented. For example, Izat
et al. (17) reported that chill water and the chilling process
can serve as an important source of pathogen contamination
between carcasses. As a result, a small number of contam-
inated carcasses may have a large impact on contamination.
Other procedures such as handling during processing also
may contribute to cross-contamination among carcasses (3).
Recently, several investigators suggested that processing
conditions may play a significant role in promoting and
influencing the selection of pathogens, including antimicro-
bial-resistant variants (21, 23, 29, 32). However, the factors
that contribute to this selection have yet to be fully evalu-
ated.

Several studies have been conducted on the prevalence
and antimicrobial resistance of Salmonella in processed
poultry, poultry products, and poultry processing plants
(18, 23, 27, 32, 34). However, little information is available
about the prevalence and antimicrobial resistance of Sal-
monella in pre- and postchill whole broiler carcasses from
U.S. mid-Atlantic processing plants. The objectives of this
study were (i) to determine the prevalence of Salmonella
in pre- and postchill carcasses; (ii) to serotype Salmonella
isolates from pre- and postchill carcasses, and (iii) to de-
termine antimicrobial resistance profiles for these isolates.

MATERIALS AND METHODS

Sample collection. Whole broiler carcass samples were col-
lected at monthly intervals between July 2004 and June 2005 from
a processing plant in the mid-Atlantic region. Prechill samples
were obtained after the last visual inspection just before the car-
cass was loaded into the chill tank. Postchill samples were ob-
tained immediately after removal of the carcass from the chill tank
as carcasses were being rehung onto the line for further process-
ing. Samples were collected from a total of 20 prechill carcasses
and 20 postchill carcasses during each visit. On a given sampling
day, the carcasses originated from a single producer or farm. A
water sample also was collected at the entrance where the car-
casses entered the chiller and at the exit where the carcasses left
the chiller. The water temperature at the chiller entrance and exit
was monitored with a thermometer (Fisher Scientific, Boston,
Mass.). Total chlorine, free chlorine, and pH were measured with
a HACH test kit pocket colorimeter II (HACH Company, Love-
land, Colo.). Each carcass was placed in a 3,500-ml sterile plastic
stomacher bag (Fisher) following aseptic techniques in the pro-
cessing plant. All samples were placed in coolers with ice and
transported to the laboratory within 1 h of collection and were
processed immediately.

Microbiological analysis. Five hundred milliliters of sterile
buffered peptone water (BPW; Fisher) was added to the interior
and exterior surfaces of each carcass, and the carcass in the bag
was vigorously shaken for 1 min. The bag containing the whole
carcass and rinse solution was incubated at 37�C for 24 h (36).
After incubation, the samples were screened for Salmonella using
the BAX system, a commercial PCR-based system (DuPont Qual-
icon Inc., Wilmington, Del.). Samples positive for Salmonella
with the BAX system were added to two enrichment broths, 0.5
ml into tetrathionate (Difco, Becton Dickinson, Detroit, Mich.) (Ha-
jna) broth tubes and 0.1 ml into Rappaport Vassiliadis (Difco,
Becton Dickinson) broth tubes, and tubes were incubated at 42�C
for 24 h. Enrichment solutions were streaked onto xylose lysine

agar supplemented with Tergitol 4 (XLT4; Difco, Becton Dick-
inson) and brilliant green sulfa agar (BGSA; Difco, Becton Dick-
inson) containing 10 ppm novobiocin (Sigma-Aldrich, Atlanta,
Ga.), and the plates were incubated at 37�C for 24 h. Typical
colonies (maximum of five) were randomly selected from each
plate and streaked onto tryptic soy agar (Difco, Becton Dickinson)
for purification; these plates were incubated at 37�C for 24 h.
Suspected Salmonella colonies were inoculated onto slant tubes
of lysine iron agar (Difco, Becton Dickinson) and triple sugar iron
agar (Difco, Becton Dickinson) and incubated at 37�C for 24 h.
Presumptive colonies were confirmed (36) using polyvalent serum
A-Vi (Becton Dickinson, Sparks, Md.) by a slide agglutination
test according to the manufacturer’s instructions. To detect Sal-
monella in water samples, 10 ml of each water sample was added
to 10 ml of double-strength BPW (Difco, Becton Dickinson), in-
cubated at 37�C for 24 h, and confirmed as described above. Sal-
monella isolates were stored at �72�C in tryptic soy broth (Difco,
Becton Dickinson) with 15% glycerol. One isolate from each pos-
itive sample was chosen from the XLT4 plates for further sero-
typing and antimicrobial susceptibility testing. If no colony could
be verified as Salmonella, one isolate from the corresponding
BGSA plate was used for further serotyping and antimicrobial
susceptibility testing. Overall, 91 and 9% of isolates were chosen
from XLT4 and BGSA plates, respectively.

Serotyping of Salmonella. A total of 425 Salmonella iso-
lates were serotyped by standard methods using reagents prepared
in accordance with World Health Organization guidelines at the
Salmonella Reference Center (School of Veterinary Medicine,
University of Pennsylvania, Kennett Square).

Antimicrobial susceptibility testing. Antimicrobial MICs
were determined using the Sensititre automated antimicrobial sus-
ceptibility system in accordance with the manufacturer’s instruc-
tions (Trek Diagnostic Systems, Westlake, Ohio) at the Salmonella
Reference Center. Results were interpreted in accordance with
testing standards and interpretive criteria provided by Clinical and
Laboratory Standards Institute (10, 11).

The following MIC ranges were tested for 15 antimicrobials
of veterinary and human health importance: amikacin (0.5 to 32
�g/ml), amoxicillin–clavulanic acid (0.5/1 to 16/32 �g/ml), am-
picillin (1 to 32 �g/ml), cefoxitin (0.5 to 32 �g/ml), ceftiofur
(0.12 to 8 �g/ml), ceftriaxone (0.5 to 64 �g/ml), chloramphenicol
(2 to 32 �g/ml), ciprofloxacin (0.015 to 4 �g/ml), gentamicin
(0.25 to 16 �g/ml), kanamycin (8 to 64 �g/ml), nalidixic acid
(0.5 to 32 �g/ml), streptomycin (32 to 64 �g/ml), sulfisoxazole
(16 to 512 �g/ml), tetracycline (4 to 32 �g/ml), and trimethoprim-
sulfamethoxazole (0.12/2.38 to 4/76 �g/ml). Escherichia coli
ATCC 25922, E. coli ATCC 35218, Enterococcus faecalis ATCC
51299, and Pseudomonas aeruginosa ATCC 27853 were used as
controls.

Statistical analysis. Differences in the prevalence of Sal-
monella isolated from pre- and postchill carcasses were deter-
mined with an analysis of variance (ANOVA, P � 0.05) using a
randomized complete block design with month as the blocking
term. This method also was used to determine the significance of
differences among antimicrobial resistance phenotypes observed
in Salmonella isolates from pre- and postchill carcasses. Percent-
age data were transformed prior to the ANOVA using the arcsine
transformation (22). All computations were performed with the
STATISTIX 8.0 software program (Analytical Software, Tallahas-
see, Fla.).
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FIGURE 1. Prevalence of Salmonella on
pre- and postchill broiler carcasses from
July 2004 to June 2005.

RESULTS AND DISCUSSION

Prevalence of Salmonella. A total of 480 whole broil-
er carcasses were obtained from two selected points on the
processing line (prechill and postchill), and 24 water sam-
ples were collected at the entrance and exit of the chiller
from July 2004 to June 2005. Samples were analyzed for
the presence of Salmonella using the automated BAX sys-
tem and then traditional culture methods. The proportions
of prechill and postchill carcass samples that were positive
for Salmonella were 88.4 and 84.1%, respectively. All wa-
ter samples collected at the entrance of the chiller were
positive for Salmonella except for those collected in the
month of October. In contrast, no water samples obtained
at the chiller exit were positive for Salmonella.

Although Salmonella contamination rates of tested car-
cass samples were both above 80%, no significant differ-
ence (P � 0.05) was observed in the prevalence of Sal-
monella on pre- and postchill carcasses. A higher preva-
lence of Salmonella was observed in samples from postchill
than those from prechill carcasses with the exception of
those samples collected in August, January, March, May,
and June. However, no seasonal effects with regards to Sal-
monella prevalence on broiler carcasses (either pre- or
postchill) were observed over the 1-year study period (Fig.
1). In contrast, Logue et al. (23) found that of 2,411 turkey
carcass samples tested at a Midwestern poultry plant, only
402 (16.7%) were positive for Salmonella and that Sal-
monella was more frequently recovered from prechill than
from postchill carcasses. Logue et al. (23) also reported a
seasonal effect in the incidence of Salmonella on freshly
processed turkey; they recovered Salmonella more fre-
quently from carcasses in the spring and summer months
than in the autumn and winter months. Differences between
our results and those of Logue et al. (23) may be due to
several factors, including variation in sample location (mid-
Atlantic versus Midwest), type of poultry (chicken versus
turkey), sampling procedures (whole carcass rinse versus
whole carcass enrichment), poultry contamination levels,
postprocessing contamination, differences in sample size
(480 versus 2,411), and Salmonella detection methods

(BAX system versus immunomagnetic separation). In par-
ticular, the whole carcass method for recovery of Salmo-
nella has been shown to be more sensitive than the swab
or carcass rinse method (35) because it can recover Sal-
monella cells that are firmly attached, entrapped, or loosely
attached to the surface or the inside of a carcass (20, 36).

Temperature, pH, free chlorine, and total chlorine in
the water at the entrance and exit of the chiller were re-
corded every month. The average water temperature was
17�C at the entrance and 3.9�C at the exit. The average pHs
of the chiller water at the entrance and exit were 8.6 and
7.4, respectively, and average concentrations of free and
total chlorine in chiller water were 7.5 and 9.4 ppm, re-
spectively. There was no correlation between the presence
of Salmonella on postchill carcasses and the concentrations
of free and total chlorine in the chiller water, indicating that
the chilling process did not have a major effect on Sal-
monella prevalence. However, further research is needed to
determine the effectiveness of these mitigation steps, be-
cause previous reports have differed in their interpretation
of whether the chilling and chlorination processes signifi-
cantly reduce pathogen levels on poultry carcasses or po-
tentially select for particular pathogens, i.e., cold- and chlo-
rine-resistant variants (21, 23, 29, 32).

Distribution of Salmonella serotypes. Four hundred
ten (96.5%) of the total 425 Salmonella isolates from pre-
chill, postchill, and water samples were typeable with stan-
dard antisera. Thirteen different Salmonella serotypes were
identified; the most frequent were Kentucky (59.5%), Ty-
phimurium (17.8%), Litchfield (5.8%), and Mbandaka
(5.4%) (Table 1). Salmonella Kentucky accounted for 51.4,
67.3, 72.7% of prechill, postchill, and water sample iso-
lates, respectively. Other Salmonella serotypes commonly
recovered from prechill and postchill samples were Typhi-
murium (20.7 and 15.3% of samples, respectively), Litch-
field (8.4 and 3.4%), Mbandaka (4.7 and 5.9%), and Mono
group C (3.7 and 0.9%). Salmonella Typhimurium (9.1%),
Salmonella Mbandaka (9.1%), and Salmonella Mono group
C (9.1%) also were recovered from water samples in ad-
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TABLE 1. Distribution of Salmonella serotypes recovered from
prechill and postchill broiler carcass and water samples

Salmonella serotype

% of isolates in samples from:

Prechill
(n � 212)

Postchill
(n � 202)

Water
(n � 11)

Total
(n � 425)

Kentucky 51.4 67.3 72.7 59.5
Typhimurium 20.7 15.3 9.1 17.8
Litchfield 8.4 3.4 0 5.8
Mbandaka 4.7 5.9 9.1 5.4
Schwarzengrund 2.3 2.4 0 2.3
Rough 4.2 2.9 0 3.5
Mono group C 3.7 0.9 9.1 2.5
Senftenberg 0.9 0 0 0.5
Unnamed group B 1.4 0.9 0 1.2
Heidelberg 0.5 0 0 0.2
Thompson 0.5 0 0 0.2
Virchow 0.5 0 0 0.2
Worthington 0.5 0 0 0.2
Newington 0 0.5 0 0.2

TABLE 2. Antimicrobial resistance phenotypes of Salmonella
isolates recovered from prechill and postchill carcass and water
samples

Antibiotic

Resistant
breakpoint
(�g/ml)a

% of resistant isolates in
samples from:

Prechill
(n � 212)

Postchill
(n � 202)

Water
(n � 11)

Total
(n � 425)

Tetracycline 32 69.3 78.7 54.5 73.4
Ampicillin 32 57.0 48.5 54.5 52.9
Amoxicil-

lin–clavulanic
acid 16/32 56.6 47.5 45.4 52

Cefoxitin 32 57.0 47.0 45.4 52
Ceftiofur 8 56.1 47.5 45.4 51.7
Streptomycin 64 31.1 40.0 27.2 35.2
Sulfisoxazole 512 26.4 17.3 18.1 21.8
Kanamycin 64 8.4 4.4 0 6.3
Gentamicin 16 1.4 0 0 0.7
Ceftriaxone 64 0 0 0 0
Amikacin 32 0 0 0 0
Nalidixic acid 32 0 0 0 0
Chlorampheni-

col 32 0 0 0 0
Ciprofloxacin 4 0 0 0 0
Trimethoprim-

sulfamethoxa-
zole 4/76 0 0 0 0

a MICs were determined via microdilution broth methods in ac-
cordance with CLSI standards (10, 11).

dition to Salmonella Kentucky (Table 1). Salmonella sero-
types rarely recovered were Senftenberg, Thompson, New-
ington, Heidelberg, Virchow, and Worthington (Table 1).
Several Salmonella serotypes were repeatedly recovered
from sampling during the year, which is consistent with the
results of Nde et al. (28), who reported the recovery of
similar serotypes on different visits to a commercial turkey
processing plant, suggesting that cross-contamination oc-
curred during processing. Our data are similar to recent
U.S. Department of Agriculture (USDA) Food Safety and
Inspection Service broiler data for 2004 to 2005, which
indicated that the most common Salmonella serotypes re-
covered were Kentucky, Typhimurium, Mbandaka, Schwar-
zengrund, Heidelberg, and Thompson (39). The association
of specific serotypes with poultry might be related to host
adaptation or other unknown factors (40). Of the 13 Sal-
monella serotypes recovered in our study, several serotypes,
including Typhimurium, Mbandaka, Heidelberg, and
Thompson, were also among the top 20 serotypes that cause
human salmonellosis in the United States (8, 30). The Sal-
monella serotypes identified in our study were also consis-
tent with those reported in similar studies (6, 33). For ex-
ample, both Byrd et al. (6) and Roy et al. (33) reported that
Salmonella Kentucky was one of the predominant serotypes
recovered from either broiler hatcheries and farms or poul-
try and poultry products, respectively. In contrast, Bailey
et al. (1) found that Salmonella Thompson and Salmonella
Molade were the predominant serotypes in broilers and in
broiler hatchery and processing environments, whereas
Logue et al. (23) reported that Salmonella serotypes Agona,
Hadar, Heidelberg, and Senftenberg were the most common
among the isolates recovered from pre- and postchill turkey
carcasses. Logue et al. (23) also recovered similar serotypes
from pre- and postchill carcasses, which is consistent with
the results of the present study.

Antimicrobial resistance phenotypes. Salmonella
isolates were tested for susceptibility to 15 antimicrobial

agents of veterinary and human health significance. Three
hundred thirty-nine (79.8%) isolates were resistant to at
least one antimicrobial, and 53.4% were resistant to three
or more antimicrobials. Overall, the most common resis-
tance phenotypes were those to tetracycline (73.4%), am-
picillin (52.9%), amoxicillin–clavulanic acid (52%), cefox-
itin (52%), and ceftiofur (51.7%) (Table 2). Less resistance
was found to streptomycin (35.2%), sulfisoxazole (21.8%),
and kanamycin (6.3%). All isolates were uniformly suscep-
tible to amikacin, ceftriaxone, ciprofloxacin, chloramphen-
icol, and nalidixic acid (Table 2). The high rate of tetra-
cycline resistance in our study is not surprising because
tetracyclines are some of the most commonly used anti-
microbials in food animal production and resistance phe-
notypes to these compounds are frequently observed in Sal-
monella isolates worldwide (7, 23, 24, 37, 43).

The most common resistance phenotypes observed
among prechill and postchill Salmonella isolates were to
tetracycline (69.3 and 78.7% of isolates, respectively), am-
picillin (57 and 48.5%), amoxicillin–clavulanic acid (56.6
and 47.5%), cefoxitin (57 and 47%), ceftiofur (56.1 and
47.5%), streptomycin (31.1 and 40%), and sulfisoxazole
(26.4 and 17.3%) (Table 2). There were no significant dif-
ferences in the incidence of antimicrobial-resistant Salmo-
nella isolates from pre- and postchill carcasses (P � 0.05),
suggesting that chilling has no apparent selection effect on
Salmonella antimicrobial resistance phenotypes. Similar an-
timicrobial resistance phenotypes were also observed
among Salmonella isolates recovered from water samples.
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TABLE 3. Antimicrobial resistance profiles of Salmonella iso-
lates recovered from prechill and postchill carcass and water
samples

Resistance or
susceptibility profilea

% of isolates in samples from:

Prechill
(n � 212)

Postchill
(n � 202)

Water
(n � 11)

T-A-Am-C-Ce-Su-K 7.5 4.0 0
T-A-Am-C-Ce-St 22.2 19.8 18.2
T-A-Am-C-Ce-Su 11.3 5.9 0
T-A-Am-C-Ce 7.5 12.3 0
A-Am-C-Ce 7.0 4.5 18.2
T-St 8.1 18.3 0
T-Su 5.2 6.4 9.1
T 4.2 9.4 18.2
T-Su-G 1.4 0 0
T-A 0 1.0 0
Otherb 1.4 19.8 18.2
Susceptible to all tested anti-

microbials 24.0 16.3 18.2

a T, tetracycline; A, ampicillin; Am, amoxicillin; C, cefoxitin; Ce,
ceftiofur; Su, sulfisoxazole; K, kanamycin; St, streptomycin; G,
gentamicin.

b These resistance profiles consisted of three profiles from prechill
carcass, four profiles from postchill carcass, and two profiles
from water samples (not shown). Each profile was represented
by only one isolate.

TABLE 4. Antimicrobial resistance phenotypes of Salmonella serotypesa

Antibiotic

% of resistant isolates of serotypes:

Ken
(n � 253)

Typ
(n � 76)

Lit
(n � 25)

Mba
(n � 23)

Rou
(n � 15)

GrC
(n � 11)

Sch
(n � 10)

GrB
(n � 5)

Hei
(n � 1)

Tetracycline 86.2 89.5 4 17.3 93.3 36.4 0 60 0
Ampicillin 62.8 61.8 0 4.3 73.3 27.3 10 40 100
Amoxicillin–clavulanic acid 61.3 61.8 0 4.3 73.3 27.3 10 40 100
Cefoxitin 61.3 61.8 0 4.3 73.3 27.3 10 40 100
Ceftiofur 61.3 61.8 0 4.3 66.7 27.3 10 40 100
Streptomycin 55.3 7.9 0 4.3 13.3 0 0 20 0
Sulfisoxazole 3.9 82.8 4 13 66.7 36.4 0 40 0
Kanamycin 1.6 25 0 0 6.7 18.2 0 20 0
Gentamicin 0 3.9 0 0 0 0 0 0 0
Ceftriaxone 0 0 0 0 0 0 0 0 0
Amikacin 0 0 0 0 0 0 0 0 0
Nalidixic acid 0 0 0 0 0 0 0 0 0
Chloramphenicol 0 0 0 0 0 0 0 0 0
Ciprofloxacin 0 0 0 0 0 0 0 0 0
Trimethoprim-sulfamethoxazole 0 0 0 0 0 0 0 0 0

a Ken, Kentucky; Typ, Typhimurium; Lit, Litchfield; Mba, Mbandaka; Rou, Rough; GrC, Group C; Sch, Schwarzengrund; GrB, Group
B; Hei, Heidelberg. Salmonella serotypes Senftenberg, Thompson, Virchow, Worthington, and Newington were susceptible to all tested
antimicrobials. (Antimicrobial resistant breakpoint concentrations are provided in Table 2.)

These findings are comparable to data from other studies
(7, 12, 24) in which high antimicrobial resistance rates were
found among Salmonella isolates recovered from poultry
or poultry products.

MDR (resistance to two or more antimicrobials) was
observed in 72.5% of the Salmonella isolates recovered.
Most of the Salmonella isolates (45.8%) displayed resis-

tance to an average of five or more tested antimicrobials, a
finding similar to that reported by Logue et al. (23). Two
isolates were resistant to eight different antimicrobials (data
not shown). Twelve, 13, and 6 antimicrobial resistance pro-
files were observed among Salmonella isolates recovered
from prechill and postchill carcass and water samples, re-
spectively. The predominant MDR profiles for pre- and
postchill isolates were tetracycline–ampicillin–amoxicillin–
clavulanic acid–cefoxitin–ceftiofur–streptomycin (T-A-Am-
C-Ce-St; 22.2 and 19.8% of isolates, respectively), tetra-
cycline–ampicillin–amoxicillin–clavulanic acid–cefoxitin–
ceftiofur–sulfisoxazole (T-A-Am-C-Ce-Su; 11.3 and 5.9%),
and tetracycline-streptomycin (T-St; 8.1 and 18.3%) (Table
3). Our results show that a large number of recovered Sal-
monella isolates were resistant to multiple antimicrobials.
Multidrug-resistant Salmonella isolates have been reported
as the cause of both human and animal salmonellosis
worldwide by numerous investigators, and these strains are
of particular clinical concern because they frequently dis-
play resistance to key antimicrobials, notably third-gener-
ation cephalosporins (18, 23, 43, 46).

Association of Salmonella serotype and antimicro-
bial resistance phenotype. There did not appear to be an
association between antimicrobial resistance phenotype and
a particular serotype; however, several notable exceptions
were observed. For example, the majority of Salmonella
Kentucky and Salmonella Typhimurium isolates displayed
resistance to tetracycline and beta-lactam antimicrobials
(e.g., ampicillin and amoxicillin–clavulanic acid), but much
lower rates of resistance were found among other serotypes
including Litchfield, Mbandaka, and Schwarzengrund (Ta-
ble 4). Similar findings of differences in antimicrobial re-
sistance profiles among Salmonella serotypes have been re-
ported by other investigators (2, 7, 19, 27, 31, 46).



J. Food Prot., Vol. 70, No. 11 PREVALENCE OF SALMONELLA 2471

TABLE 5. Antimicrobial resistance profiles of Salmonella serotypesa

Resistance or
susceptibility profileb

% of isolates of serotypes:

Ken
(n � 253)

Typ
(n � 76)

Lit
(n � 25)

Mba
(n � 23)

Rou
(n � 15)

Sch
(n � 10)

GrC
(n � 11)

GrB
(n � 5)

Hei
(n � 1)

T-A-Am-C-Ce-Su-K 1.2 23.7 0 0 0 0 18.2 20 0
T-A-Am-C-Ce-St 32.8 3.9 0 4.3 13.3 0 0 0 0
T-A-Am-C-Ce-Su 1.2 31.6 0 0 46.7 0 9.1 20 0
T-A-Am-C-Ce 15.4 1.3 0 0 6.7 0 0 0 0
A-Am-C-Ce 9.5 0 0 0 0 10 0 0 100
T-St 20.6 1.3 0 0 0 0 0 20 0
T-Su 0.8 21.1 4 13.0 13.3 0 9.1 0 0
T 11.5 0 0 0 6.7 0 0 0 0
T-Su-G 0 3.9 0 0 0 0 0 0 0
T-A 0.8 0 0 0 0 0 0 0 0
Otherc 2.8 1.3 6.7 0 0 0 0 0 0
Susceptible to all tested antimicrobials 3.6 11.8 96 82.6 6.7 90 63.4 40 0

a Ken, Kentucky; Typ, Typhimurium; Lit, Litchfield; Mba, Mbandaka; Rou, Rough; GrC, Group C; Sch, Schwarzengrund; GrB, Group
B; Hei, Heidelberg.

b T, tetracycline; A, ampicillin; Am, amoxicillin; C, cefoxitin; Ce, ceftiofur; Su, sulfisoxazole; K, kanamycin; St, streptomycin; G,
gentamicin.

c These resistance profiles consisted of seven profiles from Salmonella Kentucky, one profile from Salmonella Typhimurium, and one
profile from Salmonella Rough. Each profile was represented by only one isolate. Salmonella serotypes Senftenberg, Thompson,
Virchow, Worthington, and Newington were susceptible to all tested antimicrobials.

In our study, 89.5% of Salmonella Typhimurium and
84.2% of Salmonella Kentucky isolates were MDR (data
not shown). The predominant MDR profiles for Salmonella
Kentucky isolates were T-A-Am-C-Ce-St (32.8% of iso-
lates), T-St (20.6%), and T-A-Am-C-Ce (15.4%), and the
major MDR profiles observed among Salmonella Typhi-
murium isolates were T-A-Am-C-Ce-Su (31.6%), T-A-Am-
C-Ce-Su-K (23.7%), and T-Su (21.1%) (Table 5). The no-
table difference in MDR profiles between these two sero-
types was the association of streptomycin resistance more
often with Salmonella Kentucky isolates as compared with
sulfisoxazole resistance, which was more often associated
with Salmonella Typhimurium isolates. This difference is
most likely due to differences among isolates of these two
serotypes with regard to possession of large transferable
plasmids on which other mobile DNA elements, such as
transposons and integrons, may be found. These mobile
DNA elements can transmit genetic determinants for sev-
eral different antimicrobial resistance mechanisms and may
account for the rapid dissemination of resistance genes
among different bacteria (14, 47).

The results of the study presented here demonstrate a
high prevalence of Salmonella contamination and varied
spectrum of antimicrobial resistance, including several
MDR phenotypes, among Salmonella isolates from pre- and
postchill whole broiler carcass samples. Overall, antimicro-
bial resistance phenotypes were similar between Salmonella
isolates recovered from pre- and postchill samples. These
data emphasize the public health importance of continuing
efforts to educate consumers in proper food hygiene and
highlight the need for continued surveillance of zoonotic
foodborne pathogens, including antimicrobial-resistant var-
iants, throughout the food production continuum.
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